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FOREWORD

This document is the final report submitted in accordance with the

requirements of Contract NAS-9-5994,

The program conducted under this contract began as a feasibility
exercise to demonstrate that the Apollo Guidance Computer (AGC) could
be augmented with additional fixed memory, supplemented by a tape

recorder.

Subsequent redirection to configure the system for possible use on
an early flight resulted in the Auxiliary Tape Memory (ATM) being fab-
ricated to standards much higher than a feasibility demonstration would
require.

As work progressed, additional requirements were imposed on the

system, principally the augmentation of AGC erasable memory.

This report contains a description of the hardware designed and
developed under this contract, together with a description of the sys-

tem design leading up to the hardware.

Material has been included which describes the operation of the

system from a software point of view; a "programmer's guide" to the AM.

Demonstration of the system was an important contract milestone;
the test objectives, configuration, and method of accomplishing the

objectives have been incorporated in the report.

Several appendices contain significant supplementary information,

including (in a separate volume) complete listings of the demonstration

test programs.

viii
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SECTION 1

UNIT DESCRIPTION

The Auxiliary Memory (AM) system is composed of three units: the
Auxiliary Core Memory (ACM), Auxiliary Tape Memory (ATM) and the Inter-
face Module (IM). 1In addition, a portable control panel is used for

monitoring and testing purposes.

The engineering model of the ACM is of brassboard construction with

the logic modules, memory electronics modules and the power supply mod-

ules mounted on the same tray.

The ATM, supplied by Raymond Engineering Laboratory, Inc., Middle-
town, Connecticut, includes a magnetic tape transport with motor drive

electronics, record/playback electronics and a self-contained power
supply.

The IM is of open breadboard construction, although the printed
circuit boards incorporated are suitable for flight use. The bread-
board version of the IM includes not only circuits to service the ACM

in flight, but also the circuits required for operation of GSE; these

- I N = ..

additional circuits would not be included in flight but would be con-

tained in a separate piggy-back adapter.

The Control Panel (CP) is to be used as a monitoring device, partic-
ularly in the area which is inaccessible to the AGC; as a debugging aid;
and as a tape preparing device for loading programs and the initial ID
words. The panel with its electronics (which are easily removable for

maintenance) fits in a suitcase type cabinet ("Transicase").

1.1 AUXILIARY CORE MEMORY

l1.1.1. LOGIC
The logic elements used in the AM system are composed of a
readily available family of Signetics low power (NE 400 series) and

medium power (NE 100 series) monolithic integrated circuits. The units
1-1
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in the engineering model are a commercial quality and operate

over a temperature range of 0° to 70°C. Over 90 percent of the logic

" will utilize the NE 100 series while the NE 400 series line driver will

be used mainly for ACM to AGC line drivers. The NE 100 series employs
diode transistor (DTL) inputs for fan-in expansion capabilities, both
active outputs (transistor pull-up) for driving high capacitive loads
such as signal layer and multilayer boards, and resistor pull-up out-
puts for allowing the use of collector logic. The various members of
the 100 series offer medium power, high speed and logic flexibility.
The NE156 line driver is being used in the IM to interface with the AGC
blue-nose gate (1006394) which offers greater speed for the AGC output
signals.

All digital functions of the ACM are mechanized with integrated
circuits. The micro-circuits are packaged in the familiar flat pack unit
with 14 connector pins. The flat pack units are organized in three differ-
ent kinds of modules; the low header, the extended low header, and the
Deep Submergence mother-board header. See Table 1-1 for a listing of
the logic modules.

The extended header is similar to the low header shown in Fig.
1-1 except that one half of the module has been extended to expose the
signal layers on both sides for quick repair. The flat pack units are
organized in sub groups of 19, arranged in a single row so that the
gates are interconnected with a Signal Layer Matrix. Two rows are
arranged on the module side and 276 module connector pins are made
available to the 76 flat packs. The flat packs are mounted directly to
the heatsink frame with 0.004 inch thick epoxy resin adhesive. The leads
are parallel gap soldered to conductor pads on a univers;I-Prihted Cir-
cuit Board which is mounted to the opposite side of the heatsink frame.
The Signal Layer Matrix assemblies are parallel gap soldered to the
printed circuit board on the side opposite to the flat packs, and welded
jumper wires accomplish the connection from the Printed Circuit Board
to the module connector pins. It is essential to high speed computer

operation that capacitances are minimized. The largest contributor to

1-2
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TABLE 1-1

LOGIC MODULES
i Module Schematic Iﬁgi; Type Function
No. o
: © No Module
h No.
A02 194858 13 Extended Tape Data Transmitter,
Header TW Parity Gen
366152 14 GSE Interface Line Drivers
A03 194835 11 Extended Tape Data Receiver; Input
. Header Buffer
’ 194982 12 Tape Data Receiver;
Agreement Det.Voters, Out-
. put Buffer
co4 - - DS Mother- Control-mastercounter,
board RATM, WATM, AMLDCH, POWER
SUPPLY CONTROL, AMRDCH,
MSTRT, COINO4
Co5 - - DS Mother- Control-CONOUT REG, NBL
board GAP, IDREC, INST.COUNT.,
TIME COUNT, TRNSIP, WRITE-
COUNT, TRSN, FF's., GOFWD/
REV, READ, WRITE, INCID,
END, EOBNKFL.
AO6 194764 3 Low Header IDREAD, IDSTART, IDSTOP,
COMPARATOR, STOPWT, STOPRD,
| RD=ST, WIDST
194771 4 COMPARATOR, CHOOO, IDREAD,
IDSTART, IDSTOP, RD Z ST,
AMADDR, WGAMWI,
A07 194553 5 Extended RL DRIVERS, RLWLCOMP,
Header COIN 12, 13, 14
s 194570 6 RL, DRIVERS, RLWLCOMP,
I RCH20, 21, 25, 23
AO8 365733 9 Extended RGAM GENERATION, COIN 5, 6,
1 Header 7.,8,9,10,15 SSaM 9-12,
l WGAMATM, NBLATMFLI, RCHAM
194459 10 ATM, TADDR, TW PARITY GEN.
I A09 194467 1 Extended GAM, GAM PARITY, WCHAM, SAM,
: Header EBAM, FBAM, FEAM, CHANNEL
365322 2 ADDRESS DECODER
' 1-3
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TABLE 1l-1 (Continueq)
LOGIC MODULES
Module Schematic Iggi; Type Function
No. No. Module
No.
T10 - - DS Mother- MEMORY TIMING, PH1l, PH2,
Board & 12.8 kHz frequency
generation. Tape Deskewing
logic,
All 194635 7 Low MEMORY ADDRESS DECODERS,
Header INHIBIT DRIVERS
194679 8 MEMORY ADDRESS DECODERS,
INHIBIT DRIVERS
)
b
I 1-4
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the total capacitance on any one signal is the path length, a function
of how the flat packs are connected. Signal Interconnections within the
module are incorporated with a Signal Layer Matrix and a universal
Printed Circuit Board. The matrix assembly consists of "signal layers"
of nickel, machine stamped from nickel strip to the required network
configuration. The strips are positioned as layers in a plastic case
or envelope and insulated from each other with mylar tape. Studies and
worst case analysis tests evaluated the capacitances of a Signal Layer
Matrix assembly as under the limit required for high speed operation
of the logic devices selected. The signal paths from the flat pack
connector pins and the module connector pins to the Signal Layer Matrix
are accomplished with a universal, etched nickel, double sided Printed
Circuit Board utilizing plated through holes. This item is simple in
construction, uses generally standard fabrication techniques, can be
inspected easily and is reliable and inexpensive.

The universal module mounting frame is a magnesium alloy struc-
tural member which supports heat transfer by conduction and holds the
276 module connector pins. Captive jacking screws, one at each end,
mount the module to the chassis forcing engagement of the module connec-
tor pins with mating connector pins in the chassis. A high-dielectric
coating is applied to all parts of the frame requiring electrical isola-
tion from the electronic and signal carrying components. All electronic
components receive a 15 mil thick conformal coating to provide environ-
mental protection. It is apparent that all connections are readily
accessible, a prime factor in diagnosis, repair, and replacement pro-

ducing a low cost and highly reliable Digital Module design.

For a detailed description of the pin and flat pack configuration

on the low and extended header logic modules see ACM dwg. 189623.

Control Modules C04, C0O5, and the ACM Timer T1l0 were built on a
mother board side plate and mounted to an ACM header. Twelve printed
circuit boards each containing 6 flat packs are soldered to one side of

the side plate; interconnections are made on the reverse side with wire

1-6
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wrap connections. The flat pack layout and pin configuration of these

modules is shown in Fig. 1-2.
1.1.2 MEMORY SYSTEM

The Memory System consists of two Core Stack Modules, two Sense
Amplifier Modules, and four Memory Electronics Modules. Expansion of
the Memory System to twice its current capacity is possible by doubling
the above complement of modules. The memory system is capable of re-
ceiving or returning data to the GAM register as instructed by Auxil-

iary Memory logic.

1l.1.2.1 Core Stack Module

The Core Stack Module consists of a magnesium header shaped as
a square box, in which the memory Core Stack is contained. The sides
of the header are stepped, and on three sides resistor blocks contain-
ing a total of sixty-four resistors are located within the step. The
stack also includes diode boards mounted on top and bottom containing
a total of 256 diodes. The module is mounted on the ACM tray, making

contact only at the four corner points of the step in the module header.

The cores selected for use in this array are 30-mil lithium fer-
rite with fast switching time, wide temperature range (-55°C to +100°C),

and low temperature coefficient.

Each core stack contains 4096 16-bit words (see figure 1-3).
This stack is organized as a 3-D coincident current, 4-wire (x, y,
sense & inhibit) memory. The array is configured as a 64 x 64 x 16
matrix mounted on eight double-sided planes. Each plane provides two
word-bits of storage with a given side containing a single word bit for

the entire 4096 words.

The basic stack configuration is packaged in a 4 inch x 4 inch
frame to which mount two mats of 4096 cores, one mat per side., Eight
frames are stacked vertically along with a top and bottom end frame
(Figure 1l-4). The device is then sandwiched together with four tie bolts,

one in each corner. The required diode decoding matrices are mounted on

1-7
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printed circuit boards within the top and bottom end frames respectively.

1.1.2.2 Sense Amplifier Module

This module contains sixteen amplifier circuits and a volt-
age regulator circuit. The electronic parts are staked into the cavi-

ties of a magnesium header with RTV-11 €poxXYy .

The sense amplifier circuit shown in Fig, 1-5 discriminates
between "ones" and "zeros" read from the storage array. It uses a dual
differential émplifier, threshold-detector combination. This approach
has the advantage of eliminating many of the tolerance problems encoun-
tered in the design of a sense amplifier. The sense amplifier threshold
is determined by external resistors and is practically independent of
integrated circuit characteristics. The dual comparator (uA7l1ll) is an
integrated circuit manufactured by Fairchild. External strobing of the

sense amplifier is accomplished in the memory timing logic.

The output of the dual comparator is designed so that a
number of them can be wire-OR'ed to provide a common data path from the
memory to the GAM buffer register. Up to eight devices can be OR'ed,
yet the outputs will still be compatible with the memory buffer logic.

In order to make this OR'ing capability possible and hold the device
dissipation to satisfactory levels, the sink current of the comparator
must be reduced. As a result, at least four devices must be OR'ed before
they can provide for a DTL fan-out of one. Two resistive termination
blocks are provided in the ACM for reduction of sink current due to the

absence of sense amplifier modules for Memory Units 2 and 3.

1.1.2.3 Memory Electronics Module

This module contains sixteen selection switch circuits
(8 top, 8 bottomL two read/write drivers, eight inhibit drivers, three
memory select circuits and two filter circuits. The electrical parts
of this module are staked into the cavities of a magnesium header with
RTV-11 epoxy. The relation of these circuits to an MU system is shown

in Figure 1-6,
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1.1.2.4 Mechanical Description of Sense Amp and Memory Electronics
Modules

Discrete component modules do not lend themselves to the
same kind of mechanized interconnection approach as do the digital type
because of the random physical nature of electronic parts and their in-
terconnection; therefore, a greater degree of design flexibility exists.
This flexibility is limited somewhat by the size and shape of the digital
module which was established in consideration of the many factors in-

volved in packaging high speed, high power, integrated circuits.

The packaging design for the discrete component modules is
an adaptation of the welded "cordwood" construction technique, a design
governed by thermal considerations and the requirements of high density
packaging of non-uniform discrete components. Figure 1-7 is an explana-
tory sketch of welded "cordwood" construction techniques applied to the
Auxiliary Memory Sense Amplifier Module (Figure 2-4) and the Memory El-
ectronics Module (Figure 2-5) manufactured by Raytheon. The component
carrying frame is a magnesium alloy structural member that supports
heat transfer by conduction. In essence the frame is of I beam con-
struction with a web thickness determined by the thermal dissipation
requirements. The frame is C, G. mounted with restraint on 3 edges, and
features a high stiffness to weight ratio with resultant high natural
frequency. Captive jacking screws, one at each end, mount the module
frame to the chassis, forcing engagement of the module connector pins
with mating connector pins on the chassis, and providing the necessary

bearing pressure required to dissipate the heat to the heatsink.

The components are mounted in machined cavities in the web
and the remaining volume is filled with a silastic potting compound to
insure minimum thermal resistances between component and frame. This
compound surrounds the component on all surfaces contiguous to the
frame cavity surfaces. Electrical components having critical operating
temperatures are positioned as near as possible to the heat sink. In

most cases, signal interconnections are accomplished with two layers of
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Mounting Frame

Silastic Potting
Compound

.03 THK Epoxy Glass Sheet

.100 Centers Malco Pins

Figure 1-7 Discrete Component Module
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point to point welded nickel wire interconnections on each side of the
module. This technique has a considerable history of use on analog
electronics designed and manufactured by Raytheon for the Apollo, Posei-
don, and Polaris Guidance systems. Mylar sheets with photographically

imprinted signal wiring patterns are used to position the leads of the

components for welding and compensate for the random component lengths.

Nickel ribbon welded connections are made from the required

circuit points directly to the module connector pins which are identical

for all modules.
1.1.3 ACM POWER SUPPLY

The power supply consists of two magnetic amplifier con-

trolled dc to dec Converter-Regulators, and three series regulators. It

also includes the turn on-off circuitry (OUTCOM-4VSW), 28 Vdc Alarm cir-
cuit, ACMON (4.4Vdc logic detect circuit), and the 4.4 V Line Driver

turn off circuit. The regulators furnish power to the ACM logic, line

drivers, memory, and control functions.

Technical specifications and special features of the power

supply include the following:

a. Regulated output voltage over a minimum input voltage

range of +19 Vdc to 36 Vdc.

b. Current limiting on the +4.4 Vdc logic and +12 Vdc

power supplies. Short circuit protection on the 4.4 Vdc, and +14 vdc

power supplies.

c. High impedance isolation between input and signal ground.

d. Output voltages and regulator specifications are as

follows:

Output Average Maximum  Maximum
Voltage Regulation Power Current Ripple
+4.4 vdc (Logic) + 5% 22 watts 8 amperes 5%
+12.0 vdc +5% 17 watts 2.5 amperes 5%

1-16
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+ 4,4 Vdc (Line Driver)+ 5% 0.4 watts 0.1 amperes 5%
+14.0 Vdc + 5% 28 watts 3.0 amperes 5%
-5 vdc + 2% 1.9 watts 0.7 amperes 2%

The power supply consists of two multivibrators which gen-
erate the driving square waves at a frequency of approximately 10 kHz.
The multivibrators operate in a free running mode during power turn on
and until such time as the ACM logic furnishes the necessary sync pulses,
The multivibrator is then synchronized to 12.5 kHz, a countdown frequency
of the 1,024 MHz frequency from the AGC. The multivibrator design
features low power consumption and minimum change in frequency during

variations of the 28 Vdec input,

A block diagram of the ACM power supply is shown in
Figure 1-8.

With the exception of the magnetic amplifier circuitry,
series regulators, and control circuits, the supply circuit configura-
tion is that of a square wave driven dc to dc transformer coupled con-
verter. Line and load regulation for 4.4 Vdc and 14 Vvdc supplies is
accomplished by generating a symmetrical pulsewidth control signal
proportional to the difference between the output voltage (which is con-

verted to current by a precision resistor) and the reference source.

The voltage control magnetic amplifier shunt modulates the
base drive of the power amplifier stage, providing the pulsewidth con-
trol and summing function for regulation. Short circuit protection is
achieved by a series limiting the base drive to the power amplifier stage

with a magnetic amplifier which senses the output current,

This magnetic amplifier is normally saturated and has little
effect on circuit operation except in the event of an overload condition.
In an overload condition the magnetic amplifier regulates the pulsewidth

to limit the base drive.

Regulation for the + 4.4 Vdc (Line Drivers), +12V and -5V

1-17
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supplies is achieved by means of series type regulators. The trans-
formers used to furnish the +4.4 VDC and +14 VDC also provide the
necessary AC signals, which after rectification and filtering provide
the power for the -5 VDC, +4.4 VDC and +14 VDC regulators. Some

regulation for line changes is obtained by the magnetic amplifiers
used to regulate the +4.4 VDC and +14 VDC supplies.

The input filter provides transient attenuation, power line isolation,
and energy storage capability to furnish power to the ACM regqulators
during a short power failure. A failure period of 300 wsec can be

tolerated with the filter design.

The turn on-off circuit (OUTCOM, +4SW) restricts the operation of
the ACM power supply, and therefore the ACM, to only those periods
when both a +4 SW and OUTCOM signal are present. The lack of either
one or both signals turns off the power supply. A delay of approx-
imately one hundred milliseconds is provided within the circuit for
continuous operation of ACM power supply during short transients in the

OUTCOM signal.

A 28V Alarm Circuit monitors the 28 VDC (at the input of the filter).
The Power Supply is turned off by the alarm circuit when the 28 VDC line
is reduced to a level of 19.9 VDC or less. A filter delay is provided to
prevent premature alarms due to a transient loss of the input voltage.
The circuit will also detect an increase in line level above 35.5 VDC
and then turn off the power supply. An ACMON circuit is also utilized as
a monitor and controlling circuit, regulating turn off timing between
the 4.4 volt logic supply and the 4.4 volt line driver supply. It also
monitors the 4.4 VDC (logic) for proper level,

Figure 1-9 shows the relative timing of ACMON with respect to the
signal OUTCOM. This assumes LDON/ is controlled by the logic.
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Figure 1-9 Power Supply Characteristics
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The ACM power supply module which mounts in position A¢l on
the ACM Tray is shown in Figures 1-10 and 1l-11l. This supply exhibits’
an overall efficiency in excess of 75%. The output voltages are +4.4
vDC, +12 VvDC, +14.0 VDC, and =5 VDC. Power output capability for this

power supply was a total of 76 watts. Regulation was better than = 3%

for all voltages.

1.2 INTERFACE MODULE

The IM provides buffering for AGC outputs and noise rejection for
AGC inputs at the test connector. The major problem in interfacing
the ACM with the AGC is the time delay and pulse waveform degradation
resulting from the length of the connecting cable and its associated
capacitance. The negate these effects, line drivers located in the IM

and ACM are provided for each of the interfacing signal lines.

The IM is placed as close as possible to the AGC by plugging the IM

directly into the AGC A52 connector to minimize cable effects.

AGC signals destined for the ACM are processed in the IM by Signetics

type SE156J Line Drivers. These are low source impedance (100 ohms)

devices with transistor pull-up and are capable of driving reasonably

high capacitance loads.

The input current supplied from the line driver to the collector of

the AGC Nor gate will not exceed 2 ma under all conditions of temperature

and voltage. The IM line drivers for the ACM signals and GSE signals

are powered separately. The GSE supplies +10 VDC power for the +4.4v
zener diode supply which powers the GSE line drivers within the IM.
External +4.4 VDC power must be supplied separately for powering the

ACM line drivers within the IM.

1.2.,1 ELECTRICAL DESCRIPTION

A total of 92 line drivers are provided for the AGC signals; sixty
are shared by the ACM and GSE, including spares, while 32 are exclu-

sively used by the GSE.
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A total of 40 noise rejection circuits protect AGC input lines
from noise introduced in the cables from the ACM and the GSE. The

routing of wires through the connector and the isolating components

are shown in Appendix C.

l1.2.1.1 